With increasing deregulation of electricity markets, increased emphasis is being placed on electric service reliability. The objectives of this paper are to: first, provide new estimates of the value of reliability for commercial customers; second, model the determinants of the value of reliability using multivariate regression analysis; and, third, compare the results of this work with other studies of the value of reliability for commercial customers.
Introduction
Before 1990, electricity in Canada and the United States was generated, transported and delivered primarily by vertically integrated utilities subject to rate of return and quality of service regulation. For both utilities and consumers, there were strong incentives for the energy system to deliver high levels of reliability. Utilities reaped the benefits of high levels of reliability in high levels of customer satisfaction and less contentious rate hearings, and were able to include incremental costs for higher reliability levels in the rate base. Customers were rewarded with reduced direct and indirect outage costs and a reduced need to develop expensive back-up plans.
However, by the mid-1990s, and looking at the apparent economic success of deregulation in the telecommunications, transportation, natural gas sectors, a number of jurisdictions began to question the nature of vertically integrated electric utilities as natural monopolies. The new reform paradigm had several related objectives: (i) use prices which reflected economic cost of power supply and service attributes such as reliability; (ii) increased benefits to society; and (iii) ensure that risks are borne by the party best able to bear these risks, in generally these would be suppliers rather than consumers (Joskow [13] ).
In an early paper, Billinton et al. [6] had examined reliability issues in the evolving electricity utility environment. They noted that engineering planning criteria needed to be modified to deal with three issues: "maintain service reliability with the planned load growth while being financially solvent; uncertainties associated with deregulation, wheeling and transmission access, and disintegration of the distribution system; integrate generation and transmission modelling (Billinton et al [6] p. 1708)." They further noted that discussions of electricity system reliability need to begin with customer views on reliability.
Estimating the value of reliability typically uses on of the following approaches: (1) revealed preference studies; (2) stated choice studies; (3) production function studies; producer surplus studies; and (5) case studies. A number of studies have examined the value of reliability using these methods. These studies include Balducci et al. [1] , Bertazzi et al. [2] , Billinton [4, 7] , Burns and Gross [9] , Frayer et al. [11] , Goel and Billinton [12] , Kariuki and Allan [14] , Kufeoglu and Lehtonen [15] , LaCommare and Eto [16] , Leahy and Tol [17] , Munasinghe and Gellerson [18] , Neudorf et al. [19] , Nooji et al. [20] , Sullivan et al. [21] , Tiedemann [23, 24] , Trengereid [25] , van der Welle and van der Zwaan [26] , and Woo et al. [27] .
These studies have provided a robust set of estimates of the value of lost load for diverse groups of customers and countries, but relatively little emphasis has been placed on estimating the determinants of the value of reliability using appropriate statistical methods. The purpose of this paper is to help fill this gap. The objectives of this paper are to: first, provide new estimates of the value of reliability for commercial customers; second, model the determinants of the value of reliability using multivariate regression analysis; and, third, compare the results of this work with similar studies.
Data and Method

Method
The method for this study involved several steps as follows: (i) review previous work; (ii) design survey instrument; (iii) develop sample frame; (iv) field the survey; (v) conduct preliminary analysis; and (vi) undertake model estimation.
Review Previous Work. We undertook a detailed review of previous work using keyword searches of standard data bases including Scopus, EI Compendix and Google Scholar. This review identified five methods which have been used to estimate the value of reliability for commercial customers, and based on this review it was determined that the sates choice study was most appropriate. The five methods are summarized in the following table. Revealed preference studies use customer data to estimate expenditures undertake to maintain the supply of electricity. Advantage is that customer data on relevant expenditures is presumably quite reliable, but disadvantage is that impact of length or timing of outages is not usually available.
Stated choice studies
Stated choice studies use customer data to estimate willingness to pay to achieve higher reliability. Advantage is that customer preferences with respect to outages by length, time of day, season of the year can be explored, but disadvantage is that conducting stated choice studies can be expensive, time consuming, subject to strategic response bias.
Production function studies
Production function studies use firm data to estimate the value of lost load. Advantage is that firm economic data is readily available, but disadvantage is that total production costs may be poor indicator of customer value of reliability Producer surplus studies Producer surplus studies use econometric demand information to estimate impact of reduced electricity reliability.
Case studies
Case studies use costs based on actual firm outage experience. Advantage is that firm data is typically accurate, but disadvantage is that cases studies may not be representative of wider range of outage conditions. Sources. Adapted from Frayer et al. [10] and from van der Welle and van der Zwaan [26] .
Design Survey Instrument. The survey instrument had several main components. The first section was an introduction which explained the purpose of the survey and ensured the potential respondent of the confidentiality of her responses. The second section asked about recent outage experiences and satisfaction with various aspects of service delivery including price, customer service and reliability. The third section determined willingness to pay with the customer first asked if she would pay to avoid a specific outage scenario (time of day, season of the year, length of outage) and then if the amount was greater than zero, what that amount would be. Fourth, the consumer was asked to provide information on the firm's characteristics. A set of sixteen outage scenarios was developed for the survey covering the range of typical outage conditions by time of day, season of the year and outage length.
Develop Sample Frame. The billing file of commercial customers receiving electricity at distribution voltage was used as the sample frame. A random sample of commercial customers was selected from this sample frame.
Survey Administration. The survey was completed by some 200 business respondents. A telephone recruit was first administered which collected basic firm data. A follow-up mail survey was used to administer the reasonably comprehensive willingness to pay questions.
Data Cleaning and Preliminary Analysis. The survey information was coded, cleaned to eliminate invalid responses, and entered into a data base. Cross tabulations were prepared with a variety of banners and preliminary data analysis was undertaken.
Undertake Multivariate Regression Modelling. A number of initial multivariate models were estimated. Because these models showed some evidence of heteroscedasticity in the residuals, these models were rerun using White's heteroscedasticity-consistent estimator. Table 2 provides a list and definitions of the variables used in the analysis. Note that the average willingness to pay to avoid an outage is C$345.92 while the average willing ness to pay to avoid a lost kWh is C$35.99. 
Data
Models
Based on previous studies, we model cost per outage as a function of three independent variables, whether or not it is a morning outage, whether or not it is a summer outage, and the length of the outage.
Again, based on previous studies, we model cost per lost kWh as a function of three independent variables, whether or not it is a morning outage, whether or not it is a summer outage, and the inverse length of the outage.
We estimated several versions of Equations (1) and (2) using ordinary least squares or OLS (assuming that the error terms were white noise). These preliminary regressions showed some evidence of heteroscedasticity so that they were re-estimated using White's heteroscedasticity adjusted estimator.
Results
Cost per Outage
Respondent cost per outage for the sixteen scenarios are summarized in Table 3 . Average cost per outage varies from $22.27 for a twenty minute outage at 8Am in the summer to $628.80 for an 8 hour outage in the summer. Note that for a given season and outage length bin, cost per outage is higher for a 4 pm outage than for an 8 am outage, and that for a given time and season bin, cost per outage is usually higher for a longer outage. 
Cost per Kilowatt Hour
Respondent cost per kWh outage for the sixteen scenarios are summarized in Table 5 . Average cost per kWh varies from $1.17 for an 8 hour outage at 8am in the winter to $231.50 for a twenty minute outage at 4pm in the summer. Note that for a given season and outage length bin, cost per outage is higher for a 4 pm outage than for an 8 am outage, and that for a given time and season outage bin, cost per kWh is usually less for a longer outage. Table 6 
Discussion
A recent review by van der Wette and van der Zwaan [26] concluded that the value of lost electricity load is highly variable so that a range of estimates needs to be considered depending upon such factors as the duration of the outage, the time of outage and the type of customer involve. This is one reason for the popularity of surveybased methods for estimating the value of reliability rather than using actual outage experiences, The present study on the value of reliability for commercial customers in British Columbia combined with the companion study on the value of reliability for residential customers on British Columbia confirms this conclusion. It is useful to compare the results of the present study with other studies of the value of reliability for commercial customers, as shown in Table 7 .
First, surveys using either revealed preference or willingness pay for increased reliability are the most commonly applied approaches. The production function approach is also used.
Second, reported value of reliability for commercial customers varies substantially across these studies. The lowest estimate is C$5.88/kWh for Canada for 1996 and the highest estimate is C$35.99 for British Columbia for this study. Note that these studies are not adjusted to account for inflation. 
Conclusion
Before 1990, electricity in Canada and the United States was generated, transported and delivered primarily by vertically integrated utilities subject to rate of return and quality of service regulation. For both utilities and consumers, there were strong incentives for the energy system to deliver high levels of reliability. However, in the 1990s, a new reform paradigm was developed with several related objectives: (i) use prices which reflected economic cost of power supply and service attributes such as reliability; (ii) increased benefits to society; and (iii) ensure that risks are borne by the party best able to bear these risks. This new paradigm raised the possibility that suppliers might now favour cost-savings rather than reliability at the margin and suggested that there was increased need to understand the value of reliability for electricity customers. In this study, survey data is used to estimate residential customer willingness to pay for increased reliability in British Columbia, Canada and to model the determinants of the value of reliability using White's heteroscedasticity-consistent estimator.
The objectives of this paper are to: first, provide new estimates of the value of reliability for commercial customers; second, model the determinants of the value of reliability using multivariate regression analysis; and, third, compare the results of this work with other studies of the value of reliability for commercial customers.
Key findings are as follows. First, costs per outage vary by time of day, season of the year and length of the outage. Average cost per outage varies from $22.27 for a twenty minute outage at 8Am in the summer to $628.80 for an 8 hour outage in the summer. Second, regression models successfully explain 97% of the variation in costs per outage. Third, costs per kWh lost also vary by length of the outage, time of day and season of the year. Average cost per kWh varies from $1.17 for an 8 hour outage at 8am in the winter to $231.50 for a twenty minute outage at 4pm in the summer. Fourth, multivariate regression models successfully explain 556% of the variation in cost per lost kilowatt hour.
The results of this work have been used to support planning activities pertaining to distribution asset maintenance and upgrading.
